Summary.-It has long been recognized that international death rates for many cancer sites tend to be associated and are higher in the more " westernized " countries. The specific sites, with respect to cancer deaths among men, were identified in the present study through factor analysis of death rates by cancer site in 41 countries. Rates from the following cancer sites were found to be associated with a westernization factor: intestine, rectum, lung, skin, leukaemia and prostate.
Summary.-It has long been recognized that international death rates for many cancer sites tend to be associated and are higher in the more " westernized " countries. The specific sites, with respect to cancer deaths among men, were identified in the present study through factor analysis of death rates by cancer site in 41 countries. Rates from the following cancer sites were found to be associated with a westernization factor: intestine, rectum, lung, skin, leukaemia and prostate.
INTERCORRELATIONS among death rates
by cancer site across countries have been reported previously (Wynder, Hyams and Shigematsu, 1967a; Segi et al., 1960) . In reporting statistical associations, one of these publications referred to the search for aetiological clues in such data as an " epidemiological exercise " (Wynder et al., 1967a) . While it is true that correlations among cancer sites are affected by differences from country to country in diagnosis, treatment, survival rates and other factors, observed relationships among diseases may suggest hypotheses for testing. An example is the reported positive correlation between mortality rates from colonic cancer and arteriosclerotic heart disease, which has suggested the possibility that a diet high in saturated fats may have significance in the aetiology of both diseases (Wynder et al., 1967a) . At the very least, a report of the interrelationships among the diseases known as cancer provides a useful reference to investigators conducting research on specific organ sites. This paper presents intercorrelations among cancer sites based on international mortality data for 1964-65 which cover a larger number of countries (41 compared with 24) than previously reported or than is available from the latest compilation of death rates (Segi and Kurihara, 1972 The mortality data analysed were age adjusted cancer death rates per 100,000 for males in 41 countries (Segi, Kurihara and Matsuyama, 1969 In the food analysis, the first analysis was of major food groups: cereal, starch, sugars, pulses (peas, beans, etc.), vegetables, fruit, meats, eggs, milk, fish and fats (fat oil). An effort was then made to analyse more specific components of the major foods, but very little additional specificity was possible because of the variation from country to country in dietary items. The data were re-analysed, however, based on the following: wheat, rice, potatoes, vegetables, fruit, cattle meat (beef plus veal), pork, poultry, eggs, milk and fish. Appendix Table A-I shows the countries represented in the food analyses.
Because of possible violations of statistical assumptions involved in the calculation of product-moment correlations, rank correlations were calculated. For comparative purposes, the product-moment correlational matrix based on cancer sites was also factor analysed and found to yield the same factors as the rank correlational matrix. Three correlational matrices were obtained, based on the following as variables: (1) cancer sites, (2) cancer sites and major food groups and (3) cancer sites and more specific foods.
Each of the rank correlational matrices was factor analysed by means of a principal components analysis with varimax rotation (Harman, 1960) *. Unities were used as estimates of communality with an eigenvalue of 0-8 as the cut-off for factor extraction and an eigenvalue of 1-0 as the cut-off for factor rotation. As an empirical check on methodology, the mortality data were also factor analysed using the squared multiple correlation of a variable with all remaining variables as the communality estimate (Harman, 1960) . The same factors were identified regardless of the method used for estimating comnmunalities.
RESULTS
Interrelationships among death rates by cancer site Rank correlations and product moment correlations among cancer sites are presented in Table I . Table II presents the factor analysis results based on rank correlations among cancer death rates for men in 41 countries.
In Table II , factors (which are the hypothetical dimensions accounting for the intercorrelations) are identified by Roman numerals. The coefficients shown for each factor are the factor loadings of the cancer sites on the factor. Sites which have loadings of the same sign (whether positive or negative) on the same factor have mortality rates which vary together (increase or decrease together) across countries. The italicized factor loadings indicate the sites best representing each factor.
A factor loading is the correlation of a variable (site) with an underlying factor or dimension, and a squared factor loading is a coefficient of determination which specifies the amount of variance associated with a site which is accounted for by a particular factor. The sum of squared loadings for a site across all factors indicates the variance common (communality [h2] ) to that site and the other sites which has been accounted for by the * The author expresses appreciation to Mrs Karen L. Beckwith for her assistance in obtaining the computer analysis by means of a programme develope(i by the Biometric Laboratory, University of Miami. Table II show that, with the ICD codes included in the study, only 3 factors or dimensions were obtained from the statistical associations among cancer sites. These factors accounted for the major part (78%) of the total variance in international cancer death rates for men; the largest factor was Factor I. The h2 column shows that the cancer sites best accounted for by the analysis (having the highest communalities) were buccal cavity and pharynx and intestine; those least well accounted for were larynx and skin.
Factor I, the largest factor, may be considered a westernization or industrialization factor since the sites best representing this factor were those for which death rates tend to be higher in the more westernized countries (Segi et al., 1969) . Cancer of the intestine, since it has the largest factor loading, is the site most representative of Factor I. Other cancer sites with high loadings on this factor are rectum, lung, skin, leukaemia and prostate. The high intercorrelations among these cancer sites can be observed in Table I .
Although death rates for the sites represented in Factor I tend to increase or decrease together across countries, there are many common influences affecting the rates. In view of the particular sites loading on Factor I, this factor does not appear to represent a common aetiological dimension. Actually, several aetiological agents may be involved. Causes of lung cancer are cigarette smoking (Cornfield et al., 1959) and air pollution (Raven and Roe, Ed., 1967, p. 181) , both of which are more prevalent in the more westernized countries. One cause of skin cancer is sun exposure (Raven and Roe, 1967) which may be greater in the more westernized nations or, alternatively, since groups with less pigmentation are more susceptible to the effects of sunlight, skin cancer may be associated with a skin colour gradient linked to westernization. Radiation, as one causative factor in leukaemia (Raven and Roe, 1967 ) may be associated internationally with industrialization even though some non-industrialized areas within certain countries have high radiation levels. A dietary pattern, presumed to be related to affluence and westernization, is the most suspect aetiological factor in the development of cancers of the intestine and rectum (Berg, Haenszel and Devesa, 1973; Wynder and Shigematsu, 1967) . No explanation, however, can be offered for the association between rates of prostate cancer and westernization.
Factor II is a stomach cancer factor, independent of westernization in which cancer of the larynx was also represented. For cancers of the stomach and of the larynx there are no known common aetiological factors although their representation in the same factor seems reasonable, since the rank correlation of 049 between these sites (Table I) was the largest statistical association observed for either of the two sites. The rank correlation between stomach cancer and cancer of the larynx could, of course, be due to the correlation of each of the sites with some other variab46 (such as social class) not represented in the analysis.
Factor III is represented primarily by cancers of the buccal cavity and pharynx and of the oesophagus; the rank correlation between these sites was 0 64 (Table I) . It is to be noted that lung cancer was not represented in Factor III. The implication is that the variance in international rates of lung cancer for males is largely accounted for by the westernization factor (Factor I). Independently of influences associated with westernization (such as cigarette smoking), cancers of the buccal cavity and oesophagus appear to be related. Common aetiological factors may be various types of smoking, alcohol and the chewing of mixtures, tobacco and betel quid (Raven and Roe, 1967 Table IV gives the factor analysis results based on correlations involving major food groups, and Table V gives foods. Because results from the two analyses are quite similar they will be discussed together.
Factor I in both tables is a westernization (standard of living?) factor in which the same cancer sites (intestine, rectum, lung, skin, leukaemia and prostate) appear as were represented in the Factor I of Table II . The foods with factor loadings of the same sign as the cancer sites are those for which consumption increases across countries concomitantly with increases in the death rates for the cancer sites. Such foods among the major food groups (Table IV) are sugars, meats, eggs, milk and fats. These then, are the dietary items characteristic of the affluence of westernized societies. The consumption of cereal and pulses decreases with westernization and is inversely related to the cancer rates represented in Factor I. Rice (Table V) , as a specific food in the broader cereal group, is also inversely related to the cancer death rates represented in this factor. On the other hand, the consumption of cattle meat (Table V) increases with increases in the cancer death rates. Cattle meat is the specific meat item, in contrast to pork, poultry and fish, which is most associated with westernization.
The large number of cancer sites and foods represented in Factor I makes interpretation difficult in terms of dietary factors in cancer aetiology. The food correlates of most of the cancer sites represented in the westernization factor may not be of aetiological significance in that the correlational pattern which produced Factor I may be due to correlations of both the cancer sites and the foods with other variables. For cancers of the intestine and rectum, the sites most likely to involve dietary factors, the results in Tables IV and V are not inconsistent with speculation about the role of dietary fat or animal protein (Gregor, Toman and Prusova, 1969) in the development of cancer of the large bowel. A case control study of colorectal cancer (Berg et al., in the press) has specifically implicated meat, particularly cattle meat or beef, as being of aetiological importance. Support for the case control results was suggested by an earlier factor analysis based on selected cancer sites and by diet survey data considered in relation to U.S. incidence and mortality data (Howell, unpublished report) .
Factor II in both tables is a stomach cancer factor in which the major food group represented (Table IV) is starch and the more specific food is potatoes (Table V) . This factor is compatible with the suggestion that a diet high in carbohydrates may be related to gastric cancer (Wynder, Graham and Eisenberg, 1966) . The factor also has support from case control results which showed higher potato consumption among gastric cancer cases than among controls (Graham, Schotz and Martino, 1972) . It is to be noted from Table V that potato consumption, although represented in the stomach cancer factor, also showed a fairly strong relationship (factor loading of -0.65) to westernization (Factor I). This suggests that although potato consumption may be relatively high in the westernized countries, the total dietary pattern is of importance since gastric cancer rates in these countries tend to be low (Segi et al., 1969) .
From Table IV . it can be observed that cancer of the larynx had a much lower factor loading on Factor II than was true in Table II when the analysis was limited to the mortality rates. In the food analyses (Tables IV and V) , cancer of the larynx split from stomach cancer to be represented in Factor III, which was associated with the consumption of vegetables, fruit and wheat. Factor III in these analyses is an unexpected finding. While the highest food correlate of cancer of the larynx is wheat, the rank correlation of this site with vegetables and fruit is not higher than those with some of the other foods (Table  III) . The representation of vegetables and fruit in this factor can occur, statistically, as a result of the total pattern of intercorrelations, including those (which are not presented) among food consumption figures. Since no explanation can be offered for this factor, any search for aetiological meaning for Factor III might be limited to be largest food correlate of larynx cancer, that is,wheat consumption.
Factor IV in Tables IV and V is a buccal-oesophageal cancer factor which was not associated with any of the foods included in the analysis. This is consistent with what is known about the development of cancers of these sites in that suspect aetiological agents (Raven and Roe, 1967) do notcurrently include foods.
Factor V (Tables IV and V) is a factor representing fish consumption which is not associated with cancer rates for any site. Although fish consumption appears unrelated to the cancer death rates, it should be pointed out that the available per capita food consumption information did not permit study of the methods of fish preparation such as smoking and salting.
Of the foods analysed, only pork and poultry were not clearly associated with a particular factor, but were represented in several factors. One of these (Factor I) showed some, but not a strong relationship, between pork consumption and westernization (Table V) .
DISCUSSION
The westernization factor and two other factors accounted for the major part of the variance in international cancer death rates for men. The second factor represented stomach cancer with which cancer of the larynx was associated, perhaps because of correlations of the death rates for these sites with other variables not included in the analysis. The third factor was a buccal-oesophageal cancer factor which was interpreted as reflecting common aetiological agents in the development of carcinomata of these sites.
A search for dietary factors in cancer aetiology was made through factor analysis of per capita food consumption data in conjunction with cancer mortality rates.
A number of food correlates of the westernization factor were found, one of which (cattle meat) was interpreted as having significance in the development of colorectal cancer in view of similar findings from a case control study (Berg et al., in the press). The stomach cancer factor was associated with starch consumption, specifically potatoes, which also is supported by case control results (Graham et al., 1972) . Surprisingly, cancer of the larynx was associated with the consumption of vegetables, fruit and wheat; no explanation of this finding could be offered but the association with wheat consumption may be worth further exploration. Death rates from buccal-oesophageal cancers were found not to be associated with dietary factors. Although this study has not been primarily a methodological one, it is of some interest that factor analysis used with the kinds of data analysed here did provide a meaningful summary of intercorrelations and clarified the observed statistical associations. With greater specificity in basic data than was possible here and with other types of data, not necessarily death rates or food consumption figures, factor analysis could prove to be a useful and perhaps powerful epidemiological tool. 
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